Our special interest in the subject arose from an attempt to evaluate the effects of ACTH and cortisone in cases of acute disseminated encephalomyelitis and related acute inflammatory diseases of the nervous system, and from our early realization as to how little reliable information is available about the natural history and prognosis of such cases. The reason is not far to seek. Even in a lifetime of clinical work as neurologist,
pediatrician, or specialist in infectious diseases, no more than a handful of these illnesses will be encountered, unless special steps are taken to search them out. Textbook generalizations are largely based on such fragmentary experience. But there is a more general reason for the absorbing interest of these cases. The encephalomyelitic and related illnesses which follow exanthemata are unusual amongst the acute demyelinating diseases in that the major itiological agent is clearly evident. This does not apply, of course, to pathogenesis, the nature of which is still debatable.
The observations I shall describe are based on a comprehensive review of the available world literature in the case of measles, chickenpox and rubella, and on a somewhat less exhaustive but fairly complete study of the recorded neurological complications of mumps, whooping cough, and scarlet fever. The questions we set out to answer in reviewing this material may be summarized as follows: First, the actual incidence of neurological complications in the various fevers. We must admit at once that information on this point remains very sketchy. Secondly, we wished to find out if there is any difference in the proportional distribution and clinical characteristics of the various syndromes which follow each disease; and to study more closely any differential clinical features and their prognostic significance. Thirdly, we wished to study immediate and long-term prognosis, and the tendency to sequelx. Fourthly, we wanted to find out whether the very variable spinal fluid changes encountered in this group of diseases were of any significance; and finally, to investigate the relation between duration of illness and histopathological findings recorded in fatal cases.
We have substantiated the close pathological and clinical similarities generally considered to exist between the neurological illnesses which follow measles, chickenpox, and rubella, and these are considered together in the first part of the paper. The second part presents briefly the neurological complications of the other diseases concerned, in each of which some complicating factor is present.
NEUROLOGICAL COMPLICATIONS OF MEASLES, VARICELLA, AND RUBELLA The literature in relation to neurological complications in measles is vast, and, since our figures are based on an analysis of more than 900 cases (at least 600 of which are recorded in some detail), our information about this group of cases is probably more reliable than that relating to the other infectious diseases. In the case of chickenpox, our figures are based on about 130 cases, while there are on record only 80 cases of neurological illness following rubella.
It can be said with some certainty that although a higher incidence of neurological complications has occasionally been observed-as in the virgin soil of south-west Greenland (Christensen et al., 1953) -the incidence of measles encephalitis is in general a little less than one in a thousand of all cases. There are no similarly reliable figures available for the incidence of chickenpox encephalitis, but there is some suggestive evidence that encephalitis more rarely complicates rubella than either of the foregoing diseases. In all three conditions, the vast majority of neurological complications are either frankly encephalitic or encephalomyelitic (encephalitis with associated myelitic or radicular lesions). In each instance a small minority is affected by an uncomplicated myelitis, or an uncomplicated polyradiculitis. The percentage distribution of these syndromes in each disease is shown in Table I . The fact that only the figures for measles are based on a large number of cases should be borne in mind, but the similarity of the general pattern is clear. The close similarity seen in the distribution of these syndromes as amongst the three diseases is paralleled by the relation which exists between the latent periods of the various syndromes occurring in each disease. By this I mean the interval elapsing between the appearance of the rash and the development of the neurological complication (Table II) .
In each disease polyradiculitis has an average latent period twice as long as that of encephalitis, and in each instance myelitis occupies an intermediate position. These latent intervals vary as do the incubation periods of the three exanthemata themselves.
Occasionally encephalitis precedes the appearance of the rash, and its nature becomes clear only with the development of the exanthem. This occurs most commonly-in no less than 8 % of cases-in rubella, which has the shortest latent period. No instance of preexanthematous myelitis or polyradiculitis has been recorded in association with any of these diseases.
Measles Encephalitis
Our knowledge of measles encephalitis is based on a study of a large number of casehistories.
Measles encephalitis usually begins four to five days after the appearance of the rash. There is no correlation between the severity of the exanthem and the occurrence of encephalitis, which has several times been reported after the mild illness which follows attenuating doses of y-globulin. Nor is there any convincing evidence of a consistently inverse relationship between the severity of the rash and the occurrence of neurological complications, a suggestion on which some Continental writers have based theories of pathogenesis. Measles encephalitis shows no predilection for either sex, but the mortality in female patients is 50% higher than in males. There can be no doubt that the condition tends to affect predominantly older victims of the exanthem: at any rate 23 % of all recorded cases of measles encephalitis occurred over the age of 10 years, as compared with an incidence of less than 4% of cases of measles above this age in the British Isles.
The two commonest modes of onset are by the abrupt development of convulsions followed by coma, or by a slow lapse into stupor following a few hours of headache, vomiting and restlessness. Coma occurs in 45 %, stupor in about 25 %, and in the remainder drowsiness of some degree is almost invariable. Fever is usual. Meningism and convulsions each affect half the cases. The clinical picture is polymorphic, and there is no neurological sign that has not been encountered. Hemiplegia, tetraplegia, ataxia, retention of urine, optic neuritis, paralysis of cranial nerves, and involuntary movements of various types are all common findings. No instance of relapse or recurrence of measles encephalitis has ever been reported. This is in contrast with the not infrequent recurrence encountered in encephalomyelitis following banal infections. The mortality of measles encephalitis is about 20%. When death occurs it usually does so within the first three days of the illness, and scarcely ever later than a week after the onset. The degree of recovery which can occur even where there have been striking initial signs of massive brain damage is remarkable, and more than 80% of the patients who survive show no disability by the end of six weeks. The spinal fluid may be normal throughout, but often shows a lymphocytic pleocytosis, with a normal or very slightly raised protein level The spinal fluid findings are unrelated to clinical severity, they have no prognostic significance, and more surprisingly still, they bear little or no relation to the presence or absence of meningism.
Astonishingly few neurological signs remain in recovering patients. Indeed, except for an occasional residual hemiplegia, or paraplegia, sequels are more often psychiatric than neurological. Both types of sequelie are commoner in young patients who have had severe illnesses characterized by coma and convulsions. Both major and minor neurological symptoms tend to improve during long-term follow-up. Probably the most important occasional sequela is intellectual defect. This represents the result of severe generalized cerebral damage, minor degrees of which are often manifest in the form of more transient nervousness or behaviour disturbances. The occurrence of intellectual defect after measles encephalitis seems to be limited to young children, and no case has been reported in an adult. Some of these children show an immediate psychological deficit, others merely a failure of development, with a falling intelligence quotient over the years. Although the disease appears to be appreciably more fatal over the age of 16, the incidence of sequels is less in the older patients.
An analysis of symptoms in relation to mortality shows that coma and convulsions are unfavourable prognostic features, each of which is associated with an increase of mortality; 38% of patients who became comatose died, as compared with a 14% mortality in cases without coma, while in patients who convulsed, the mortality was just over 30 %.
A point of some interest arises in connexion with hemiplegia. When hemiplegia occurs as a feature of an encephalitic illness the illness is severe and has a considerable mortality, but in surviving cases, good recovery of function is common. In some instances, however a sudden hemiplegia follows measles in the absence of any other evidence of encephalitis, and though all such recorded cases have survived, the hemiplegia is permanent in the large majority. Pathological evidence suggests that in the first group the hemiplegia may arise on the basis of a largely reversible, generalized, and even symmetrical demyelinating lesion. In the group of isolated hemiplegias, however, both the history of onset and the poor recovery suggest the occurrence of a major vascular accident.
Pathological findings.-From reports of 44 adequately recorded fatal cases of measles encephalitis we have been able to plot the histopathological findings against the duration of symptoms before death, in the hope of revealing something of the march of pathological events in the brain during the course of the illness. We may say at once that our observations support the view originally put forward by Brain, Hunter and Turnbull (1929) that the appearances of acute disseminated encephalomyelitis represent stages in the development of a single pathological process beginning with congestion and (edema, and ending with the fully developed picture of perivenous infiltration and demyelination. In this, as in other diseases, histopathological findings cannot be rigidly correlated either with severity or duration of clinical symptoms. For instance, in one case dying within twelve hours of the apparent onset, autopsy revealed massive perivenous infiltration and demyelination which clearly indicated that the pathological process must have been far advanced before the clinical onset. On the whole, however, the gradation of changes in these 44 cases, dying after periods varying from twelve hours to eight months after the onset of their encephalitic illnesses, indicates a fairly well-defined natural history. The initial change in the brain appears to be congestion, followed within a matter of hours by mural infiltration of the smaller venules chiefly with mononuclear cells, and then by the development of perivenous cedema and occasional haemorrhages of similar distribution. In some fulminating cases the intensity of these changes leads to death from cerebral purpura. In progressive cases, however, perivenous infiltration with microglial and lymphocytic cells is seen, and demyelination follows in the same regions. Such changes may be conspicuous within forty-eight hours of the onset. The removal of fat by scavenging phagocytes ensues some days later, and leaves demyelinated areas which may appear confluent in the course of time. Nerve-cell changes vary in prominence but are by no means mvariable. Direct involvement of blood vessels is a frequent if not invariable change, and may vary from lymphocytic infiltration of the vessel wall to actual vascular necrosis. At some stage all these changes are completely reversible. In other recorded instances, demyelinated areas have remained for several years, unassociated with progressive extension or with extending gliosis.
Measles myelitis.-The literature contains reports of 24 cases of myelitis complicating measles, 18 transverse and 6 ascending. 6 patients became tetraplegic, 4 showed bulbar palsy, 1 bilateral optic neuritis. Meningism occurred in 12. In each instance the lesion progressed for a few days but recovery usually began in as many weeks. Severe disability usually cleared within six weeks, with extremes of fourteen days and three years. 5 cases died, after illnesses averaging nine days in duration. 12 patients recovered completely, and there is uncertainty as to the respective roles of diffuse demyelinating processes and focal vascular occlusion (e.g. segmental thrombosis of the anterior spinal artery, possibly on an arteritic basis).
It should be noted that while the mortality in this small group of cases of myelitis is similar to that encountered in measles encephalitis, remarkable recovery of function is the rule in all but the severest cases.
Polyradiculitis complicating measles.-1O cases are on record, 8 being males. Cranial nerve involvement was common: 9 showed bulbar symptoms, 7 facial palsy (5 bilateral), and 4 ophthalmoplegias. One case had coincident encephalitis, 3 had meningism. Motor weakness was more conspicuous than sensory impairment. All cases recovered, but some suffered residual focal muscle wasting and weakness. A marked rise in spinal fluid protein was invariable and 4 cases showed a classical albumino-cytological dissociation. Varicella and Rubella How far are the encephalitic illnesses which occasionally complicate chickenpox and rubella identical with or similar to measles encephalitis? Briefly, the clinical and pathological similarities between the members of this group are so much more striking than their differences that it is impossible to escape the conclusion that they represent manifestations of closely-related pathological processes. Nevertheless, certain clinical differences are unequivocal.
As with measles, rubella encephalitis affects both sexes equally and has a higher mortality amongst females. Varicella encephalitis, however, is twice as common, and appreciably more fatal, amongst males. Such evidence as is available suggests that in each instance older subjects of these exanthemata are more liable to develop encephalitis. Reliable evidence as to the age incidence of the exanthemata is surprisingly scanty but the fact that rubella encephalitis tends to occur at a later age than the other two (31 % of recorded patients were over the age of 16) is almost certainly related to the later age incidence of the exanthem itself.
The generally accepted view that rubella encephalitis is especially rare finds some support from such figures as are available: not so the view that it is also benign. Like that of measles encephalitis its mortality is in the region of 20% as compared with 10% Y for varicella. The greater mildness of the latter is further illustrated by the observation that whereas the di of measles encephalitis below the age of 5 is over 30%, no fatal case of varicella _lba1itis below this age has been recorded. CIfcaI features. The picture in all these forms is polymorphic and they all follow the same general pattern. There is no neurological symptom or sign that may not be encountered, and no feature which is pathognomonic of one of these forms of encephalitis as opposed to the others. In fact, in the absence of a clear history of the exanthem it would be quite impossible to differentiate the neurological illnesses. While varicella encephalitis is in general a milder disease, there are occasional cases following chickenpox which are more severe than the majority of instances of post-measles or post-rubella encephalitis. Furthermore, there are some symptoms, frequent enough to permit reasonably accurate-assessment, in which there is no apparent difference of incidence between the three conditions. Involuntary movements for instance are seen in between 15 and 20% of all cases, and muscular hypotonia is somewhere between 20 and 30%. The major difference, however, which we believe to be related to the undoubtedly better prognosis of the varicella cases, is in the incidence of coma, convulsions, and extensor plantar responses, and is illustrated in Table m . Only 19% of cases of varicella encephalitis became comatose, as opposed to 45% in measles and 52% in rubella. The mortality in comatose cases was in fact slightly higher in varicella than in the other two forms of encephalitis, and the difference in mortality is probably related in part at any rate to the finding that fewer cases of varicella encephalitis did in fact become comatose. The figures in the case of convulsions are almost identical, and their implications similar. Hemiplegia was seen in 12% of cases of measles encephalitis, and in 7 % of the rubella cases, with a figure of only 3 % for varicella. Similar figures for the incidence of unilateral or bilateral extensor responses are 71 % (measles), 66 % (rubella), and 28 % (varicella). The presence of extensor responses is an unfavourable prognostic feature, usually indicating widespread or massive lesions, and often associated with coma. When, however, we come to the incidence of symptoms indicating cerebellar disturbance, the position is reversed; ataxia and nystagmus are respectively three times and twice as common in chickenpox encephalitis as in encephalitis complicating either of the other two diseases under discussion.
These findings bear out to a considerable extent traditional clinical observations not so far as we know previously subject to numerical analysis. It should be noted, however, that rubella encephalitis is certainly no less severe than that which follows measles and may indeed be a slightly more serious disease. In relation to myelitis and polyradiculitis, the figures are small but again the prognosis for these complications of varicella appears to be more favourable than in the case of the other two diseases.
Sequeie.-The position is obscured by the much larger number of cases of measles encephalitis on record. There can be no doubt, however, that in all these diseases important sequele are rare in older patients, and that the disease is more prone to leave a permanent mark on the more vulnerable brain of the infant or young child. Under these circumstances the low incidence of sequelk noted after rubella, the higher incidence after measles, and the intermediate position apparently occupied by varicella encephalitis, may be functions of their age-distribution rather than an index of the severity of the pathological process concerned.
Histopathological appearances.-The autopsy reports which are available on 7 cases of varicella encephalitis fully support the view that the pathological changes encountered are entirely similar to those seen after measles, though probably tending to be somewhat less severe. The pathological findings in relation to rubella are rendered not quite comparable by the remarkable and possibly significant fact that, despite the relatively high mortality of the condition, all the fatal cases on record have died within seventy-two hours of the onset of symptoms. The total of 15 fatal cases in the literature is small, but it is difficult to resist the implication that the brief duration of these fatal illnesses may be related to the short latent period in this form of encephalitis, to the considerable number of pre-exanthematous cases described, and to the high incidence of grave symptoms already noted. Such observations lend further support to the view that the relatively rare rubella encephalitis is an explosive illness, sometimes of great severity. The brief duration of the illness in the 9 autopsied cases on record also renders the pathological spectrum less complete than in the other two diseases, but the changes described are certainly compatible with the earlier stages of a perivenous demyelinating encephalitis, similar in its general histopathological as in its clinical pattern to that encountered in measles and varicella. NEUROLOGICAL COMPLICATIONS oF MUMPS, SCARLET FEVER AND PERTUSSIS The family resemblance which clearly exists between the neurological complications of measles, chickenpox, and rubella is less evident in relation to the nervous sequele of mumps, scarlet fever, and pertussis, in each of which instances complicating factors arise. In the case of mumps, the picture is obscured by the frequent occurrence of lymphocytic meningitis. In the case of scarlet fever many of the neurological complications encountered are secondary in the sense that they result from spread of streptococci by the blood stream, or arise on the basis of venous thrombophlebitis or nephrogenic hypertension. The case of pertussis, furthermore, appears to be unique both in the nature of the clinical syndromes encountered and in the histopathological findings recorded.
i) Mumps
The commonest neurological complication of mumps is a short-lived, benign and almost invariably recoverable form of lymphocytic meningitis usually appearing within a few days of the parotitis. There is some evidence that this condition is due to invasion of the meninges by the potentially neurotropic virus of epidemic parotitis, and this complication need not detain us further. It is, of course, possible that some cases of meningo-encephalitis complicating mumps may arise on a similar basis, as the result of spread of virus from the meninges to the brain. There is no certain pathological or experimental evidence that this actually occurs, but it is at least a possibility. Careful analysis of the more recent literature of mumps complications, however, provides strong evidence that sequele of the types already described in relation to measles do in fact occasionally occur in mumps; and that they have similar clinical features, prognosis, and histopathological findings. One important feature, which leads us to believe (with Fanconi and others, 1945 ) that these complications are of the same nature as the neurological complications of measles, &c., already described, is that the spinal fluid findings in the cases which follow mumps are quite similar to those encountered in the three diseases already discussed, and, in particular, that mumps encephalitis may occur im the total absence of the meningism or the lymphoctyic pleocytosis which are cardinal features of mumps as of other forms of virus meningitis.
Our information about mumps encephalitis is based chiefly on 27 cases recorded since 1934. These illnesses began on an average seven days after the appearance of parotitis: the latent periods for encephalitis, myelitis, and polyradiculitis varied broadly as in the case of the three diseases previously described. Two-thiras of the encephalitic cases showed meningism, which is only a slightly larger proportion than in those following measles, &c. The mortality in the mumps cases was slightly more than 20%, coma again being an unfavourable feature, and there was little or nothing to distinguish this form of encephalitis from those already described. The amount of pathological material available is not great but all 5 adequately recorded cases reveal stages in the development of a perivenous demyelinating encephalitis similar to that more fully described in association with measles. 12 cases of mumps myelitis have been described and in 2 such cases (one of which had a coincident encephalitis), a diffuse demyelinating lesion was found in the cord. 6 cases of polyradiculitis following mumps are to be found in the recent literature. Again, these show no special features, but it is interesting to note a French report (Lamache and Dutrey, 1935) of 3 cases of polyradiculitis preceding the appearance of parotitis by a few days. In all but one (pre-parotitic) instance the spinal-fluid protein was raised, and often strikingly so.
In summary, then, it seems likely that neurological complications similar to those of measles, chickenpox, and rubella occur after mumps, though less frequently than and not necessarily in association with, the classical complication of lymphocytic meningitis.
ii) Scarlet Fever
The neurological complications of scarlet fever present a confused picture. In general, their incidence appears to be higher than those of any other exanthem, but the figures given (which vary from 1: 800 to I: 300) include such diverse and non-specific conditions as hypertensive encephalopathy and vascular accidents complicating nephritis, septic meningitis, cerebral thrombophlebitis, and otitic hydrocephalus. If, however, the neurological disorders palpably due to complications of scarlet fever are excluded, we are left. with a collection of cases of aseptic meningitis, encephalitis, myelitis, and polyradiculitis or polyneuritis.
Aseptic meningitis.-Lymphocytic meningitis, apparently unrelated to otitis or sinus thrombosis, is a neurological complication of scarlet fever with an incidence almost certainly higher for instance than that of encephalitis in measles. Analysis of 46 adequately reported cases reveals a remarkably consistent syndrome, beginning five to seven days after the onset of the exanthem, and apparently unrelated to its severity. The condition is characterized by fever, meningism, a paucity of focal neurological signs, a high lymphocytic pleocytosis in the spinal fluid and invariable recovery within a matter of days. This is, of course, the typical picture of benign lymphocytic meningitis: however, virus studies have so far proved negative, nor has serum administration been an invariable feature of these cases. Their aetiology remains obscure, but it should be borne in mind that a lymphocytic effusion is a non-specific reaction of serous membranes, the commonest response of the meninges to a wide variety of injurious agents of every type, and does not invariably bespeak virus invasion.
Encephalitis.-This is a much less common complication of scarlet fever, of which we have found 22 convincing cases in the literature. Most cases begin within the first week of the exanthem but a grotup were, much later, yielding an average latent period of eight to nine days. Clinically there was nothing to distinguish these illnesses from the encephalitides of measles, &c. 3 of this small group of cases died, which, as far as it goes, suggests the possibility of a mortality more comparable with that of varicella than with the other forms of encephalitis already discussed. Pathological findings are too scanty to permit generalization.
Myelitis and polyradiculitis.-2 cases of myelitis and 6 of polyradiculitis are on record. Like the encephalitis just described, these syndromes showed no clinical features which could be used to distinguish them from the similar complications of the exanthemata discussed.
iii) Pertussis
The neurological complications of pertussis differ both clinically and pathologically from all the post-infective disorders so far described-a statement which is made without prejudice to questions of etiology or pathogenesis.
The only common neurological complications of pertussis are cerebral-in fact neither myelitis nor polyradiculitis has ever been fully.authenticated. Pertussis encephalopathy is essentially a disease of early childhood. Cases are most often encountered during the first year of life while only 5 of 123 adequately recorded cases occurred over the age of 5 years-a feature which at once distinguishes the condition from post-exanthematous perivenous demyelinating encephalomyelitis, with its predilection for the older patient. The very variable, figures given for the incidence of encephalopathy (less than 1 % to 14%) may well have a semantic basis; most observers do not consider that the occurrence of an isolated convulsion in a child with pertussis demands a diagnosis of encephalopathy. Three-quarters of these 123 cases occurred between the second and fourth weeks of the illness, occasional cases in the pre-paroxysmal catarrhal phase. The illness is remarkably stereotyped, and almost invariably characterized by the sudden onset of convulsions (90), which are most often generalized, and coma (84%), lasting for hours or days, with motor signs which are usually symmetrical, and bilateral extensor plantar responses. Of focal signs, hemiplegia is the commonest (possibly affecting about 1 in 5 patients), aphasia and monoplegia less frequent. Other focal signs are quite exceptional, and when they do occur probably tend to do so in older children. The onset of neurological signs in the fully conscious patient is very exceptional. Decerebrate rigidity due to virtual decortication, and organic psychoses have occurred. The spinal fluid is usually normal. The mortality is high, being at least 1 in 3, and in some series more than twice this figure; it is distinctly higher under the age of 2, and appears to have been unaffected by the employment of antibiotics. Sequele probably occur in about a third of all cases (i.e. nearly half the survivors): mental retardation, epilepsy, and spastic pareses (especially hemiplegia) being commonest.
Pathological changes in fatal cases may be surprisingly inconspicuous. The changes of perivenous demyelinating encephalitis have never been convincingly demonstrated, while massive cerebral haemorrhage, air embolism, and tetany have been discarded as pathogenetic hypotheses. The most frequently encountered histopathological change is eosinophilic degeneration, most marked in the pyramidal cells of the hlppocampus and the Purkinje cells of the cerebellum: this change is widely considered to be of anoxic origin. The condition may probably, for the present at any rate, best be regarded as an acute vascular encephalopathy possibly with an anoxic basis. The clinical similarity of these syndromes to those which occasionally complicate immunization with (sterile) pertussis antigen has been stressed, and suggests the possibility of an origin in some toxic effect whether or not a sensitization phenomenon.
SUMMARY AND CONCLUSIONS
The triad of encephalitis, myelitis, and polyradiculitis represents the characteristic neurological complication of measles, varicella, and rubella. Mixed and intermediate syndromes-for example myelitis followed by encephalitis, or encephalitis accompanied by focal muscle wasting due to a radicular lesion-are sufficiently frequent to suggest a common pathogenesis for this group of complications. Histopathological evidence also appears to favour their origin in an acute inflammatory neuraxitis, varying m acuteness, intensity, and local incidence, but based essentially on an exudative, liemorrhagic, and infiltrative process originating in the vascular tree of the nervous system. The perivenous demyelination which characterizes classical or fully-developed acute disseminated encephalomyelitis appears to be essentially secondary to the initial vascular insult. A syndrome clinically and pathologically similar is occasionally encountered in mumps, and possibly also after scarlet fever, in each of which instance it tends to be overshadowed by the very much more frequent occurrence of benign lymphocytic meningitis. In the case of pertussis, however, the occurrence of such a lesion has never been substantiated, and the catastrophic cerebral illness characteristic of this disease is both clinically and pathologically distinct, arising on a basis which is possibly anoxic.
What is the nature of the acute disseminated perivenous demyelinating encephalomyelitis which complicates these and other infectious diseases? Despite the minor clinical differences which we have shown to exist, for example, between the encephalitis of measles and that of chickenpox, these are surely much less striking than their similarities; while from the histopathological point of view I imagine that Dr. Blackwood will agree that on such grounds they cannot be distinguished one from another-or for that matter from the identical changes which may sometimes follow non-specific infections, Jennerian vaccination, or even serum sickness.
That such histopathological changes are due to invasion of the neuraxis by the causal virus of the initiating exanthem now appears highly improbable. Not only would it appear strange that the viruses of all these diseases, so widely different in all their other characteristics and activities, should all produce identical tissue reactions in the nervous systembut what of vaccination and serum sickness? Furthermore, the absence or inconspicuousness of neuronal damage in acute disseminated encephalomyelitis militates equally against the acceptance of the ingenious alternative hypothesis-that-the initiating exanthem in some way activates an unidentified neurotropic virus already present in the tissues. Such a virus would need to be not only ubiquitous, but also quite unique in its pathogenetic properties.
The evidence for such a view cannot be adequately presented in a review of this kind, but there are many considerations both clinical and pathological which suggest the intervention of some common factor in pathogenesis between the specific initiating infection and the non-specific end-result in the nervous system, and that such a'common factor may be anaphylactic sensitization. If this does prove to be the correct explanation, one influence determiing variations in the clinical syndrome might well be the differing antigenic properties of the various infective agents. Such a possibility is suggested by the fairly consistent differences which are seen in the closely comparable neurological syndromes which may follow various types of prophylactic inoculation (Miller and Stanton, 1954) .
REFERENCES- BRAN, W. R., HuNnR, D., and TLRNBuLL, H. M. (1929) Lancet, i, 221. CHrENsEN, P. E., SCHMIDT, H., BANG, H. 0., ANDERsoN, V., JoRDAL, R., and JENSEN, 0. (1953) Acta med. scand., 144, 430. FANcoNI, G., ZELLWEGER, H., and BoTszTEJN, A. (1945) Dr. W. Blackwood: In considering this subject the clinician has great advantages, for he has numerous cases,, whilst the pathologist appears to have had little opportunity of examining post-mortem material. Whooping cough.-Neurological symptoms and signs are common. The post-mortem findings have been those of hemorrhage, edema and nerve cell degeneration. The nerve cells of the superficial layers of the cerebral cortex, of the striate body, hippocampus, the dentate nucleus and the Purkinje cells of the cerebellum are involved. These changes are considered by most authors to be mechanical in origin, associated with the upset of blood flow and with the cyanosis which accompany the paroxysms of coughing. Perivenous demyelination has not been reported.
Mumps.-There is commonly a lymphocytic leptomeningitis. In 3 cases a perivenous demyelinating encephalitis or encephalomyelitis has been reported. Scarlet fever.-Pyogenic leptomeningitis, massive hlimorrhage, venous sinus thrombosis, and embolic softenings have been common post-mortem findings. Here again, however, there have been at least 2 cases reported with a perivenous encephalomyelitis.
German measles.-The pathological findings have been those of a perivenous encephalomyelitis. In chickenpox, where there are 5 post-mortem studies, and in measles, where we have at least 27 post-mortem studies, the picture has almost invariably been one of perivenous encephalomyelitis. There have been reports of solitary cases of acute hemorrhagic leucoencephalitis complicating measles (Shallard and Latham, 1945) and chickenpox (Lander, 1955) . In the latter case it must be noted that the patient was given chlortetracycline and streptomycin after he became comatose and paralysed. It is possible that these antibiotics influenced the pathological picture. Table II summarizes the post-mortem findings in the diseases under consideration. It can be seen that, with the exception of whooping cough, perivenous demyelinating encephalomyelitis has occurred in all of them, most frequently in German measles, chickenpox and measles. Acute hzemorrhagic leucoencephalitis has also been found in the last two conditions. As these two are the most important pathological findings, they will be considered in a little more detail.
(i) Perivenous demyelinating encephalomyelitis.-The distribution of the lesions is predominantly in the white matter of the cerebrum, cerebellum, brain-stem and spinal cord, although lesions in the grey matter are quite common in the basal ganglia and floor of the 4th ventricle. The lesions are related almost entirely to the small or medium-sized veins.
The earliest change appears to be one of congestion and cedema of the walls of the veins and a very slight intra-adventitial infiltration by mononuclear cells and by polymorphonuclear leucocytes; and peri-adventitial infiltration by mononuclear cells. Demyelination does not appear to occur at this early stage.
The next stage is one which we commonly see and this can be illustrated by a personal case.
A little girl of 1 year 10 months was taken ill with slight fever, running eyes, nasal discharge and sore ears, also with slight discharge, during the course of a measles epidemic. This illness continued for seven days and then she started projectile vomiting, coma and convulsions, and died two days later. Post mortem (Edin. N.P.1498) the brain was very congested. The white matter throughout the cerebral hemispheres, mid-brain and pons and the grey matter of basal ganglia, mid-brain and pons showed the following features:
(1) Perivenous demyelination, with a variable degree of damage to the axons.
(2) A narrow intra-adventitial sleeve of inflammatory cells.
(3) A broad zone of less densely packed extra-adventitial cells, the majority of which appear to be of a phagocytic nature.
(4) Survival of nerve cells even within inflamed regions. In sections stained by the Weigert-Pal technique the central vein is surrounded by a zone of demyelination. The normal myelin stains black and disintegration products of myelin also staining black are visible in phagocytes. Sections stained with Scharlach R hematoxylin show that many of the breakdown products of myelin are sudanophilic and are undergoing phagocytosis. Sections stained with hxmatoxylin and eosin show the loosely packed extra-adventitial cells and the narrow intra-adventitial sleeve of inflammatory cells which include small mononuclear cells, large mononuclear cells, occasional plasma cells, neutrophil leucocytes and sometimes eosinophil leucocytes. In this case there was an unusually large number of eosinophil leucocytes in the adventitial spaces.
(ii) Acute haemorrhagic leucoencephalitis.-The post-mortem findings are essentially similar to those found in cases of acute hemorrhagic leucoencephalitis which are preceded by respiratory infection. The lesions consist of multiple ring, ball and sleeve-like hemorrhages related principally to capillaries and venules. The walls of these vessels have undergone fibrinoid necrosis. Fibrin extends into the perivascular spaces and even into the adjacent nervous tissue, which is necrotic and infiltrated by neutrophil polymorphonucle leucocytes.
There are only two cases of acute haemorrhagic leucoencephalitis following exanthemal published during the last ten years. There are, however, reports in the older literature cases with hiemorrhage and it is possible that some of these were acute liemorrhag leucoencephalitis. With the increased number of neurological centres in this country mo of these cases may be identified and investigated.
A knowledge of whether both perivenous demyelinating encephalomyelitis and acu hemorrhagic leucoencephalitis are to be considered as common types of post-infectiol encephalitis is a matter of considerable interest and importance, especially in view of ti hypothesis, recently supported by Professor Dorothy Russell, that these two conditions a variants. of one pathological process.
There are histological similarities between the post-exanthematous lesions and tho which are considered by many to be due to allergy. But similarity of appearance does n necessarily mean similarity of pathogenesis. The histopathological evidence is as yet tc slender for any final conclusion to be reached as to whether allergy does or does not pla a part in the pathogenesis of post-exanthematous encephalomyelitis.
I am indebted to Dr. A. F. J. Maloney and Mr. J. C. Sommerville of Edinburgh f assisting me with the re-examination of the personal case.
